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Introduction
The structure of quinoa (Chenopodium quinoa) fruit before
and after germ ination was studied using electron microscopy.
Protecti ve coverings include a perianth consisting of loosely
adhering cell s which are read iJ y removed by washing, a pericarp
and two seed coat layers. Starch granules fill the perispenn cell s
and are a rranged in 18 to 20 11m oblong aggregates. Limited
hydrol ysis of the starc h occurs after 24 hrs of germination , with
amylolytic erosion of large granules occ urring at the hilum and
periphery of the granul es. Ungerminated e mbryo ce ll s contain
protein bodies with phosphorus-conta ining globoid inclusions.
Essent iall y compl ete hydrolysis of the emb ryo protein bodies
occurs within 24 hrs of germination leaving large centra l
vacuoles within the cell s

Quinoa (Chenopodium quinoa, Willd) is a major staple food
of people in the Andes. The fruit is used for porridges or ground
into flour for preparing breads and cakes. Quinoa is a drought
resistant crop and can be produced on land that wiU not support the growth of conunon cereals (White et al. , 1955, Simmonds, 1965) so it is often used as a subst itute for cereal grain
in food preparations. The yield of fruit is 840 to 30CX) kg/hectare
(Simmonds, 1965).
The prote in content of quinoa fruit ranges from 9 to 15 % (Etchevers, 1980; Aguilar et al., 1979; Sanchez-Marroquin, 1983;
Clavijo et al. , 1973 ; Quiros- Perez and Elvehjem, 1957). Fat content is about 4 % (Simmonds, 1965). Starch compri ses about
60% of quinoa (Wolf et al. , 1950) . Quinoa starch has a diameter of 1- 2.5 J.tffi, a gelat inizat ion tempe ratu re range of
57-64°C, an amyl ose content of 11 %, and an average amylopectin chain le ngth of Tl (Atwell et al., 1983). Quinoa starch
pastes do not gel on standing (Wolf et al. 1950).
No reports have been published on the structu ral cha racteristics of quinoa other than a description of agg regated sta rc h
granules isolated from the fruit (Atwe ll et al. , 1983). The anatomy of quinoa fruit is important from a processing standpoint
as well as to increase our knowledge of its structural characteristics. The objective of thi s study was to describe the ultrastructure of quinoa fruit and the changes in structure as affected by
germination.
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Materials and Methods
Materials
Four quinoa varieties were stud ied: Blanca, Rosada,
Pasankallo and Koito. The samples originated from Bolivia.
Methods

Key Words: Fru it structure; Quinoa starch; Germinated quinoa;
Germinated seeds.

Scanning Electron Microscopy (SEM). The fruit was fractured with a dull razor blade, mounted on AI stubs, and coated
with Au/Pd. Some samples were washed in distjiJed water and
lightly abraded between the fingers to remove the loose outer
layer of the fruit prior to SEM observations. Other samples were
germinated by soaking in distilled water for 24 hrs. and then
freeze-dried . Samples were viewed in an ETEC U-1 SEM operated at 10 to 20 kV or in a JEOL 35C
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Qualitative X-ray microanalysis of fractured , carbon coated
sampl es was done using a Link X-ray Energy Dispersive Microanalyzer attached to a JEOL 35C SEM . Counting rates were
2500- 3000 cs/sec and analysis time was 100 sec. at 20 kV.
Transmission Electron Microscopy (TEM). Some quinoa
fruit were fi xed for TEM fo ll owing the simultaneous glutaral dehyde-Os04 fixation schedule of Franke et al. (1969). Other
samples were fixed sequentially, first in glutaraldehyde and then
in Os04 after buffer rinsing. Fixed samples were dehyd rated
in a graded acetone series (30% to 100 %), embedded in Mascorro's resin (Mascorro et al. , 1976), and sectioned with a glass
knife on a Reichert OM- 2 Ultra-microtome. Sections (60 nm
thick) were stained with 5 % uranyl acetate in 50% ethanol fol lowed by lead citrate (Reyno lds, 1963) , and viewed in a Philips
201 transm ission electron microscope at 60 kV.
Small fmgments of moistened peri sperm of ungerminated and
ge rminated quinoa fruit were placed in copper specimen holders
and frozen in liquid freon . Freeze-fracturing and Pt shadowing
at an angle of 35 o were done at - I70 °C in a Balzers Freeze
Etch Unit. Replicas were cleaned by sonicating in Chl orox for
5 min., held in Chlorox for an additional 3 hr., washed in water,
and collected on uncoated 300 mesh copper grids. Micrographs
were taken on a Zeiss EM-10 transmission mic roscope at 60 kV.

Figure I. SEM of quinoa fruit : (a) and (b) enclosed in the
perianth . Gross internal a natomy of quinoa shows pericarp
and perianth (P), embryo (E), and perisperm (PE). Fracture done parallel to the plane of the cotyledon.
Fib'llre 2. Scanning electron micrographs of quinoa: (a) perianth is removed by washing to reveal the pericarp, (b) the
hilum , and (c) tracheids at the hilum.
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Fi ure 3. Quinoa cove ring layers. The location of the pericarp (P) and the pcrisperm (PE) in fractures perpendicular
to the plane of the embryo is shown in the SEM microgra phs
(a). The pericarp (P.d) lies beneath the perianth (Pr) as see n
in (b). TEM micrographs show starch granules (S) and electron dense structures in the seed coat layer beneath the pericarp (Pd) (c) and cuticle-like structure (Cu) is shown tightly attached to the perisperm (d).

Results and Discussion
Quinoa fruit arc disc-shaped and range in diameter from I
to 3 mm (Fig. Ia}. The major anatomical parts of the fruit (Fig.
Ib), the outer coveri ng (pcrianth and seed coats), the pcrispenn,
and the embryo, are described below.

Outer Coverings
Often when quinoa is harvested , the fruit fall off the plant
st ill enclosed in the perianth (Fig. Ia). The weakly adheri ng
cell s of the perianth are easily removed by washing and scrubbing in wate r to expose the smooth surface of the pale yell ow
pericarp (Fig. 2a). The perianth of some varieties is magenta
colored by a water soluble pigment that has a Amax of 530 nm
which is characteristic of betacyanins (Harbome and Simmonds,

Fractures perpendicular to the plane of the cotyledons (perpendicular to the disc structure, Fig. 3a) reveal starchy perispenn
cove red by a pericarp and seed coat structures. In this case, the
perianth has been removed, but when present it consists of a
layer of cells loosely attached to the pericarp (Fig. 3b). The
pericarp layer consists of a dense, compact layer of cells about
10 J.tm thick (Fig. 3b and c). There are two seed coat laye rs
be neath the pc ricarp. One layer is about 20 Jlnl thick and contains polygonal starch granules and electron dense bod ies (Fig.
3c). A second seed coat structure is cemented to the pe rispc rm
(Fig. 3d). This 3 J.t ffi thick structure may be the cuticl e.

1964).

The hilum , the scar left from the attachment of the fruit to
the placenta , is located at the center of the fru it (Fig. 2b). Tracheid structures involved in the transjX)rt of water and nutrients
from the plant to !he fru it can often be seen at the hilum (Fig. 2c).
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Figure 4. Qualitative X-ray energy dispersive analysis spectra of the perianth (a) and the pericarp after washing away

the perianth (b) . The Cu peak is from instrument parts. Both
spectra printed at the 4 k vertical scale.
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It is a common practice among quinoa consumers to wash

Starch granules in perisperm cell s are po lygonal and range
in size from 0.4 to 2.0 I'm (Fig. Sa and b). Transmi ss ion electron micrographs indicated lhat t\.\.-0 popu lations of starch granule
sizes ex ist in the perisperm : one populati on cente rs around a
granu le diameter ofO.SJLm ; the other cente rs around a granu le
diame<e r of 1.3 I'm (Fig. 5c). Atwell et al. (1983) reported a
particle size di stribution of 0.63 to 8.0 I'm for a pure quinoa
starc h preparation with the median diameter be ing about I.S
JLm. Our data indicate that the size range is smalle r and that
a bimodal di stribution exists. Some cells appear to contain only
the large r gran ules while other cell s contain mainly small
granules (Fig. 5c). Starch granules are found as single ent ities
within the cells (Figs. Sc and d) or compound structures consisting of spherical or oblong aggregates (Fig. Sa). As many as
14,000 starch gra nules may comprise an agg regate about 18 to
20 I'm in size (Seidemann , 1966).

and scrub the fruit in water prior to consumption (S immonds,
1965). This wash ing removes the bitter saponins that are apparently located in the outer coverings (Aguilar et a l. , 1979).
Washing removes the perianth which contains high K a nd Cl
contents and minor or trace leve ls of Mg, AI. Si, P, Sand Ca
(Fig. 4a). It is doubtful that hand washing is vigorous e nough
to re move the pericarp. Like the per ianth, unwashed pe ricarp
contains high conce ntrations of K and similar low contents of
S and Ca (Fig. 4b). However, there is less Cl in the peri ca rp
than in the pcrianth

Perisperm.
Quinoa fruit differs from cereal grains in that the storage
rese rves for the develop ing embryo are found in the perisperm
rather than the e ndosperm (Wolf et al. , 1950). The perisperm
is located in the cen ter of the fr uit (Fig. lb)

Figure S. Quinoa peris perm
cells. Aggregates within the cells
(a) consist of polygonal starch
granules (b). TEM microgmphs
(c and d) show cells with different size starch (S) granules.
Granules are surrounded by
matrix protein. CW- cell wall .

•

•

Figure 6. Freeze fracture rep~ca
(a) and thin sections of sequentially fixed seeds (b) s how spherulitic st ructure of starch. SI =
sta rch interior; Su =starch surface.
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Figure 7. Qualitative X·ray energy dispersive analysis spectrum of the perisperm . Cu and Zn peaks are from instrument parts. Vertical scale is 2 k.

Figure 9. Qualitative X·ra_y energy dispersive analysis spectrum of the embryo, showing high content of P and K. Vertical scale is 8 k.

T he compact spherulitic texture of the sta rch granules was
revealed in bot h freeze fracture repl icas (Fig. 6a) and th in sec·
tions of sa mples that we re stained seque ntiall y wi th gluta ralde·
hyde and then Os04 (Fig. 6b). The reasons why quinoa starch
gmnulcs strongly react with OsOJ during sequential fixation and
not du ring a simultaneous fixati on procedures are unknown .
Unlike starch gra nules of many cereal grai ns (Bun rose, 1960 ;
Gallant et al. , IW2), no concentric rings were obse rved in quinoa
granul es.
Matrix prote in surround s the starch gra nul es and intercon·
nects them within the cell s (Figs. 5c and d). In most TEM pre·
parations, the starch granules pulled away from the surrounding
prote in whi ch may suggest wea k bond ing between those two
components. No obv ious prmei n bodies we re observed . Pe ris·
perm cell walls appear about I 11m or less in th ick ness in Figure
5c but Jess than 0.5 p.m thick in Figure 5 d .
X·ray e nergy dispersive analysis of the perisperm did not
revea l high concentrat ions of any one element (Fig. 7). Low
levels of K , S, C l, and Si predominated.

The major inorganic e lements detected in the embryo by Xray microanalys is were Mg, P, Sand K (Fig. 9). High cotyledon
phosphorus content is consistent with the hypothesis that phytin
is a maj or component of protein bod ies.
Numerous lipid bodies surround the prote in bodies and line
the cell periphery. These irregul ar shaped structures are 0.5 p.m
or less in their longest diameter.

Effects of Germination
During germination , the e mbryo unwi nds and the cotyledons
separate (Fig. lOa). Since quinoa is essentially nondonnant (Simmonds, 1965) , germination was com plete within 24 hrs. The
structure of the peri sperm did not change dramatically after ger·
mination. The starch granules were more loosely packed within
the cell s than in the perispenn of ungerminated fruit , and the
matri x protein was retracted from the starch granu les (Fig. JOb).
No evidence of significant e rosion of starc h granule surfaces
due to amylolysis was obse rved by SEM . Some large granules
(I p. m or greater) did , howeve r, show evidence of amy lotytic
degradation at the hilum (fig. IOc) and the periphery of the
granul es in transmi ss ion electron mic rographs (Fig. IOd). Sur·
face digestion hol es we re 40 nm to 120 nm in diameter (Fig
IOd) . Preferential digestion at the hilum suggests that thi s area
is less crystalline than the starch granule periphery.

Embryo
The embryo surrounds the quinoa perispe rm (Fig. lb). The
mature e mbryo is a dicotyledon. Transmiss ion e lectron micro·
graphs (Fig. 8a a nd b) of the coty ledonary cell s show a com·
plex structure consisting of lipid bodies, protein bodies, nucleus
and other organelles necessary to carry out the degradative and
sy nthetic funct io ns involved in the tran sformation of the seed
into a plant. The protein matrix of some protein lxxties is granu ·
Jar suggesting that water imbibition during fi xation may have
init iated cytoplasmic changes normally associated with incipient
gem1ination . It is impossible to chemical ly fi x dry seeds without
cell hydration during fixation. The protein bodies usually con·
tain two or more electron transparent globoid inclusions which,
in turn , contain e lectron dense globoid crystals or voids caused
by the loss of globoid crystals during thin· sectioning. Lott and
Buttrose (1977) have shown that globoid crystals of many seeds
are rich in phytin (a salt of myoinositol hexaphosphate).

•

Figure 8. Embryo of unge rminated qujnoa. Transmission
electron micrographs in (a) and (b) show protein bodies (pb) ,
globoid inclusions (G), lipid bodies (L), nucleus (N) and nucleolus (Nu).

Figure 10. Germinated quinoa. After 24 hrs. the embryo of
the seed unwinds and the coty ledons separate (a). Perisperm
cells show retraction of protein from the starch granules (b)
and amylolytic degradation (arrows) at the hilum (c) and
periphery (d) of the granules.
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Quinoa embryo cells (Fig. U) showed structural changes
typically observed in germ inated seeds (e.g. Swift and O'Brien
1972). After 24 hr. germi nation , most of the protein bodies were
hydrolyzed and the remaining organelles and cytoplasm stained
more faintly than in the ungerminated embryo cells (Fig. lla) .
Cell organelles are surrounded by ribosomes, and many of the
cell s contain large central vacuoles resulting from the hydrolys is of lip id and protein bodies (Fig. lib). More lipid bodi es
remain in the cytoplasm than protein bodies which suggests that
during germination utilization of protein is more rapid than lipid.

Summary and Conclusions
The fruit of Chenopodium quinoa is consumed in some areas
of South America similarly to our consumption of cereal grains
in the United States. In fact, al l of the literature refers to quinoa
as a grain . However, quinoa fruit has some unique chemical
const ituents and anatomical characteristics that clearly differentiate it from cerea l grains.
Quinoa contains saponin s which are bitter and poss ibly toxic. Unlike tannins in sorghum , quinoa saponi ns are readily
removed by washing in water and lightly abrading the fruit.
Although the saponin s are known to be present in the covering
layers of the fruit (S immond s, 1965), it is unknown whether
they ex ist primaril y in the perianth or the pericarp. Such information would be useful if large scale production and processing of this food were cons idered
Like cereal grains, starch is the major constituent of quinoa
fruit. This storage carbohydrate is located in the perisperm rather
than the endosperm. The small polygonal granules in the cell s
form compound structures with well -defined oblong shapes.
Only two articles have been published on the physiochemical
characteristics of quinoa starch (Wolf eta!., 1950; Atwell eta!. ,
1983). The authors report different gel characteri stics and amyJose contents for quinoa starch. Discrepancies may be a reflection
of varietal differences. Further studies are warranted
Quinoa fruit is essentially nondormant (Simmonds, 1965) .
As it imbibes water, ge rmination rapidly ensues, and a dramatic reduction in embryo subcellular organization occurs within
24 hr. Unlike many cereal grains , amylolytic action toward s
quinoa starch granules is not extensive during germination. Their
polygonal structure, small size and aggregation may deter enzyme hydrol ysis. Data on cerea l starches suggest that some of
these factors affect rates of amylolytic degradation (Sandstedt,
1955, Lineback and Pompipom, 1978; Beleia and VarrianoMarston, 1981) . Additional know ledge concerning the susceptibility of quinoa starch to amylase action would be helpful in
understanding the role of these e nzy mes in germination as well
as providing information of nutritional significance.
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